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occur as a result of gradual weakening of annular tissue, deterio-
ration of suture material, technical mistakes, or acute infection.1
Surgical intervention to repair the leak improves symptoms of
heart failure, decreases the need for blood transfusion, and is an
independent predictor of long-term survival when compared with
medical therapy alone.2,5 The choice of operation involves either
direct suture repair of the PVL or rereplacement of the valve and
is indicated to correct worsening left ventricular function or symp-
toms of heart failure and hemolysis.1
Although surgical intervention has been the gold standard for
the repair of PVLs, there has been a growing interest in the attempt
to close PVLs through the use of interventional cardiologic tech-
niques. Several reports have documented the successful percuta-
neous repair of PVLs with closure devices similar to those applied
for the percutaneous treatment of septal defects.3 Percutaneous
closure has several advantages, including the elimination of the
risk of a redo operation and shortening the length of hospital stay.
Nevertheless, the procedure is complex, time consuming, and not
always successful, as illustrated in this case. Successful intraoper-
ative device closure of muscular ventricular septal defects has
previously been reported.6 However, to our knowledge, the case
presented herein is the first reported use of the intraoperative
placement of a percutaneous occluder device for the surgical repair
of a PVL. This novel approach for the repair of a mitral PVL can
be applied in the context of extremely difficult mitral prosthesis
exposure, such as the presence of a concurrent aortic prosthesis, or
to avoid lengthy redo operations in very high-risk patients.
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Feasibility of preservation of subvalvular apparatus in mitral valve
replacement with the On-X mechanical valve
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Preserving subvalvular apparatus in mitral valve replace-ment brings a significant long-term advantage by preserv-ing left ventricular function. The possibility of prostheticvalve entrapment of the retained subvalvular apparatus, left ventricular outflow tract obstruction, and implantation of a smaller-sized prosthesis has been of major concern to investigators advocatingthis procedure. Recently introduced, the On-X mechanical valve(Medical Carbon Research Institute, Austin, Tex) has the advantage
of reduced anticoagulation and a specific structure of leaflet flare for
protection from retained subvalvular apparatus and pannus encroach-
ment. We operated on 6 patients requiring mitral valve replacements
using the On-X mechanical mitral valve and obtained good results
without complications associated with this procedure.
Clinical Summary
From October 2005 to March 2006, 6 patients underwent mitral
valve replacement for mitral valve stenosis using the On-X mitral
valves with the techniques of preserving mitral papillary muscle
continuity.
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Figure 2. Intraoperative transesophageal echocardiogram still
frame illustrating a well-deployed low-profile device (arrow).
There is a mild (1) residual paravalvular leak. LA, Left atrium;
LV, left ventricle; PVL, paravalvular leak.
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Methods
After cardiopulmanory bypass is established, the aorta is clamped and
cardioplegic arrest is obtained. The left atrium is opened from the
right side after dissecting the groove. A Cosgrove retractor is inserted,
and the mitral valve is examined. Basically, autologous subvalvular
apparatus is meant to be preserved. However, in case of severe
calcified subvalvular apparatus that cannot be preserved, we recon-
struct the chordae tendineae with polytetrafluoroethylene sutures
(Gore-Tex suture; W. L. Gore & Associates, Inc, Flagstaff, Ariz) as
artificial chordae. If the patient’s left ventricle is so small that the
retained subvalvular apparatus may cause left ventricular outflow obstruc-
tion, preserving the continuity on the anterior mitral leaflet side is aban-
doned. The On-X valve is implanted with 2-0 Ethibond everting mattress
sutures (Ethicon, Inc, Somerville, NJ) in the antianatomic position.
Results
No patients died in the hospital or during the follow-up period.
Echocardiography was performed 1 month after the operation. The
preservation techniques and preoperative and postoperative echo-
cardiographic data are shown in Table 1. Left ventricular function
was maintained or improved in all cases. No instances of prosthetic
valve dysfunction and no significant pressure gradients across the
left ventricular outflow tract were recorded.
Comments
Chordal preservation in mitral valve replacement has been widely
accepted because of the advantage of preserving left ventricular func-
tion and decreasing the risk for ventricular rupture in mitral valve
replacement.1 This technique should incorporate several principles2:
(1) The procedure must not cause left ventricular outflow obstruction.
(2) Retained subvalvular structures should not interfere with the
prosthetic valve mechanism. (3) Sufficient tissue should be re-
sected to allow for implantation of a suitably sized valve.
Currently, various kinds of prosthetic valves are available in mitral
valve surgery. The St Jude Medical mitral valve (St Jude Medical, Inc,
St Paul, Minn), whose pivot is located in the left atrial portion of the
housing and whose leaflets open within the housing profile, has been
believed to be a most suitable valve for chordal-preserving mitral
valve replacement. However, several cases in which the preserved
subvalvular apparatus were entrapped have been reported. 3 The Car-
bomedics Standard mitral valve (Sulzer Carbomedics, Inc, Aus-
tin, Tex), which has been reported to cause few instances of
thrombus or pannus formation,4 is designed so that the leaflets
open beyond the housing profile, which might cause entrapment
of retained subvalvular apparatus. With regard to stented bio-
prosthetic valves, a high-profile valve could cause left ventric-
ular outflow obstruction in the subvalvular apparatus preserving
mitral valve surgery as previously reported5 (Figure 1).
The On-X mitral valve is designed to prevent pannus ingrowth by
high-profile inlet flare, although it is not so high as stented biopros-
theses. Our experience showed the feasibility of chordal-preserving
mitral valve replacement consisting of various techniques using the
On-X valve, although it included a small number of cases. This
technique using the On-X valve could bring better long-term outcome
in patients undergoing mitral valve replacement.
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TABLE 1. Techniques for preserving subvalvular apparatus and pre- and postoperative electrocardiography data
Case Technique for preserving mitral-papillary muscle continuity
Preop Postop
LVDd/Ds (mm) EF (%) LVDd/Ds (mm) EF (%) LVOT PG (mm Hg)
1 Artificial chordae 4 43/30 70 42/36 64 5.4
2 PML preserved 38/23 64 38/28 71 6.7
3 Artificial chordae 4 49/37 40 48/36 50 11.4
4 PML and lateral part of AML preserved; artificial chordae 1 53/35 48 55/35 50 16.6
5 Artificial chordae 4 47/28 64 48/25 63 12.9
6 PML preserved; artificial chordae 2 53/40 42 55/40 45 4.8
LVDd, Left ventricular dimension diastole; Ds, dimension systole; EF, ejection fraction; LVOT PG, pressure gradient across the left ventricular outflow tract;
PML, posterior mitral leaflet; AML, anterior mitral leaflet.
Figure 1. Comparing the profiles of
prosthetic valves. a, Stentless biopros-
thesis; b, Carbomedics standard valve;
c, St Jude Medical Standard valve; d,
the On-X valve.
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